The reaction of salicylic aldehydes with malononitrile was reinvestigated, and the reaction pathway was followed by 1 H NMR spectroscopy. A delicate control of the experimental conditions allowed the synthesis of 2-imino-2H-chromene-3-carbonitriles 1, (2-amino-3-cyano-4H-chromen-4-yl)malononitriles 2, 4-amino-5-imino-2,7-dimethoxy-5H-chromeno[3,4-c]pyridine-1-carbonitrile 12, and (4,5-diamino-1-cyano-1,10b-dihydro-2H-chromeno[3,4-c]pyridin-2-ylidene)malononitrile 13. Two novel 2-iminochromene dimers, with structures 8 and 9, were isolated and fully characterized. The activity of compound 8a on Aspergillus spp. growth and on ochratoxin A production was evaluated. The results of the bioassays indicate that compound 8a, applied at concentrations of 2 mM, totally inhibited the growth of the fungi tested. Ochratoxin A production by Aspergillus alliaceus was reduced by about 93% with a 200 µM solution of this compound. A moderate inhibitory effect was observed for the analogous structure 8b, and no inhibition was registered for compounds 2 and 1, used as synthetic precursors of the dimeric species 8.
Introduction
Chromene derivatives are an important class of compounds, widely present in plants, including edible vegetables and fruits. 1 Numerous bioactive natural products have been identified, and the presence of the chromene-based structure has been associated with the capacity to prevent disease. 2 Synthetic analogues were developed over the years, some of them displaying remarkable effects as pharmaceuticals, 3 including antifungal 4 and antimicrobial activity. 5 The classic method for the synthesis of 2-iminochromenes is the Knoevenagel condensation of salicylic aldehydes with active methylene compounds, followed by intramolecular cyclization. A detailed analysis of the reports on the reaction of salicylaldehyde and malononitrile 6 indicates that a delicate control of solvent, temperature, and ratio of reagents are determinant for the incorporation of 1, 2, or 3 molar equiv of malononitrile in the aldehyde unit. 6b Compounds 1-4 ( Figure  1 ) were identified as the products of this reaction, formed in the presence of base, at room temperature, either using ethanol 6a-d or water 6e as solvent. † BB -Institute for Biotechnology and Bioengineering, Centre for Biological Engineering, Universidade do Minho, Campus de Gualtar 4710-057, Braga, Portugal.
(1) Curini, M.; Cravotto, G.; Epifano, F.; Giannone, G. Curr. Med. Chem. 2006, 13, 199-222. (2) O'Kennedy, P., Thornes, R. D., Eds. In Coumarins: Biology, Applications and Mode of Action; J. Wiley & Sons: Chichester, 1997 . A recent publication reports the preparation of 2-iminochromene 1 when a 1:1 mixture of the reagents was refluxed in ethanol in the presence of triethylamine. 7 The 1 H NMR spectrum of the product, available in the Supporting Information, indicates that the structure was incorrectly assigned, and it does not correspond to compounds 2, 3, or 4. In the present work, we carried out a detailed study on the reaction of salicylic aldehydes and malononitrile in an attempt to clarify the reaction pathway, the structure of the isolated products, and the corresponding reaction conditions. The synthetic approaches allowed the preparation of two novel 2-iminochromene dimers. To the best of our knowledge, the formation of these types of chromene dimers has never been reported. Previous work refers a particular type of coumarin dimer that is obtained from photoreaction of coumarin and some derivatives by a [π2s + π2s] cycloaddition reaction. 8 These compounds have attracted considerable interest mainly due to their biological and photobiological importance, and extensive research has been carried out on their regioselective and stereoselective synthesis. 9 More recently, the photolysis of coumarin-3-carboxylic acid was reported to generate the decarboxylated 4,4′-dimer of chroman-2-one. 10 The activity of one of the dimeric species prepared in the present work and that of the compounds used as synthetic precursors was tested on four Aspergillus spp. growth and on their ability to produce the mycotoxin ochratoxin A.
Results and Discussion
Salicylaldehyde 5a and substituted salicylaldehydes 5b-g were reacted with 2 molar equiv of malononitrile 6 under different reaction conditions (Scheme 1, Table 1 ). The formation of a (2-amino-3-cyano-4H-chromen-yl)malononitrile 2 occurred in dichloromethane or in methanol with triethylamine, at room temperature or at 10°C. Compounds 2a-d,g were isolated in moderate/good yields by this method. The yield and reaction time were considerably improved when the reagents were combined in a 0.05 M aqueous solution of sodium hydrogen carbonate or sodium carbonate, at room temperature, following the procedure described by Pizzo et al. to prepare chromenyl malononitriles 2a and 2c. 6e Under these reaction conditions, compounds 2 were isolated as white solids after 5-40 min.
When the reaction time was extended to 4.5 h-1 day, the 2-iminochromenes 1a-g were the only products isolated in excellent yield. The 2-oxochromenes 7a-d were also prepared from the reaction of the corresponding aldehydes with malononitrile in the presence of aqueous base, followed by addition of concentrated hydrochloric acid and heating at 80-90°C. This method was previously used by Pizzo et al. to prepare 2-oxochromenes 7a (90%) and 7c (85%). 6e When salicylaldehyde and malononitrile were stirred at room temperature for 2 days, in a 0.05 M aqueous solution of sodium hydrogen carbonate, a different yellow solid was isolated and identified as having the dimeric structure 8 (Scheme 1, Table  1 ). Aldehydes 5b, 5c, 5d, and 5f failed to generate an analogous dimeric product after prolonged stirring in aqueous base, in the presence of malononitrile. The corresponding 2-iminochromene 1 was always the only product isolated. When salicylaldehyde 5a was combined with 2 molar equiv of malononitrile in methanol and triethylamine, compound 8a was also isolated (84.5%), after 1 day at room temperature.
The reaction of 3-methoxysalicyladehyde 5b and malononitrile in methanol and catalysis of triethylamine led to a 2:1 mixture of 1b and 8b after 1 day at room temperature. When this mixture was solubilized in a small volume of DMSO and stirred at room temperature, the pure product 8b started to precipitate after 2 h at room temperature and was filtered after 21 days (75.7%). Under the same reaction conditions, aldehydes 5c and 5d led to solid mixtures containing the (2-amino-3-cyano-4H-chromen-yl)malononitrile 2 and the dimer 8, always as the minor component. Aldehydes 5e, 5f, and 5g evolved to complex mixtures, with extensive degradation.
The structure assignment for compound 8 was based mainly on the 1 H and 13 C NMR data, supported by correlation techniques (HMQC and HMBC). The proton on C4 (δ 5.85 ppm) showed an intense correlation with C5, C8a, C2, and C2′. The proton on C4′ (δ 8.33 ppm) correlated with C5′, C8a′, and C2′. This evidence and the fact that the 2-iminochromene 1a slowly evolves to 8a in DMSO-d 6 solution strongly supported the structure assignment. The two cyano groups (δ 120.42 ppm and δ 114.99 ppm in the 13 C NMR spectrum) are both visible 
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in the IR spectrum as a medium (ν ) 2225 cm -1 ) and an intense (ν ) 2196 cm -1 ) band, indicating that one of the triple bonds may be conjugated with an electron-donating amino group.
Among the various attempts to improve the yield of dimer 8b, the 2-iminochromene 2b was solubilized in methanol and water, in the presence of triethylamine, and the mixture was stirred at room temperature for 20 h. A different product was isolated under these experimental conditions. Elemental analysis indicated that the molecule combined two units of 2-iminochromene, where two carbon atoms and one nitrogen were incorporated. This product was isolated as an off-white solid in 41% yield.
Structure 9, proposed for this compound (Scheme 2), was confirmed by IR and NMR spectroscopy. In the 1 H NMR spectrum, apart from the aromatic protons and those assigned to the amino groups (δ 7.39 and δ 7.17 ppm), only one C-H is present (δ 4.05 ppm). In the HMQC spectrum, all of the carbons located two and three bonds away from this proton could be identified, with the exception of C4′. The signal for this carbon is not sufficiently intense to be seen in the 13 C NMR spectrum, but it is possible to identify its correlation with C5′-H, at δ 115.9 ppm. The three cyano groups (δ 119.64, 117.75, and 117.53 ppm) are visible in the IR spectrum as two bands at ν 2200 cm -1 (medium) and ν 2184 cm -1 (intense).
The isolation of compound 9 from the 2-iminochromene 1b suggests that, in the presence of water and base, partial hydrolysis of the starting material occurs to regenerate the aldehyde 5b and malononitrile (Scheme 2). Addition of malononitrile to 1b can lead to 2b, which evolves to the stable anion 10 in basic medium. Addition of 10 to another molecule of 2-iminochromene 1b generates an adduct 11, the precursor of 9 after elimination of HCN. The proton can be removed either from C4 or C4′, leading to the same final product. Considering this mechanistic proposal, the experimental conditions were rationalized by combining chromenes 1b and 2b in a 1:1 molar ratio, in the presence of aqueous base (1 M NaOH). After 16 h at room temperature, compound 9 was isolated as an off-white solid, in 74% yield (Table 1) . 1a a 5a + 6 (1:1 ratio), NaHCO3 (0.05 M), rt, 7 h 86 5a + 6 (1:1 ratio), Na2CO3 (0.05 M), rt, 17 h 90 1b a 5b + 6 (1:1 ratio), NaHCO3 (0.05 M), rt, 6 h 90 5b + 6 (1:1 ratio), Na2CO3 (0.05 M), rt, 3.5 h 91 1c b 5c + 6 (1:1 ratio), NaHCO3 (0.05 M), rt, 4,5 h 89 5c + 6 (1:1 ratio), Na2CO3 (0.05 M), rt, 1,5 h 70 1d 5d + 6 (1:1 ratio), Na2CO3 (0.05 M), rt, 1 day 86 1e 5e + 6 (1:1 ratio), Na2CO3 (0.05 M), 0°C, 2 h 62 1f 5f + 6 (1:1 ratio), NaHCO3 (0.05 M), rt, 20 h 88 1g 5g + 6 (1:1 ratio), NaHCO3 (0.05 M), rt, 22 h 100 2a c 5a + 6 (1:2 ratio), dichloromethane, 9°C, 1 month 84 5a + 6 (1:2 ratio), dichloromethane, NEt3, rt, 11 h 74 5a + 6 (1:2 ratio), NaHCO3 (0.05 M), rt, 40 min 91 2b c 5b + 6 (1:2 ratio), MeOH, NEt3, 0°C, 1.5 h; 9°C, 15.5 h 94 5b + 6 (1:2 ratio), dichloromethane, NEt3, rt, 5 h 82 5b + 6 (1:2 ratio), NaHCO3 (0.05 M), rt, 8 min 100 2c 5c + 6 (1:2 ratio), dichloromethane, 8°C, 14 days 90 5c + 6 (1:2 ratio), NaHCO3 (0.05 M), rt, 6 min 85 2d 5d + 6 (1:2 ratio), dichloromethane, 8°C, 17 days 63 5d + 6 (1:2 ratio), dichloromethane, NEt3, rt, 2 h 92 5d + 6 (1:2 ratio), NaHCO3 (0.05 M), rt, 30 min 73 2g 5g + 6 (1:2 ratio), dichloromethane, NEt3, rt, 4.5 h 73 7a b 1. 5a + 6 (1:2 ratio), Na2CO3 (0.05 M), rt, 16 h 87 2. HCl concd 3.7 equiv, 80°C, 2 h 7b 1. 5b + 6 (1:1 ratio), Na2CO3 (0.05 M), rt, 21 h 100 2. HCl concd 3.7 equiv, 90°C, 4 h 7c b
1. 5c + 6 (1:1 ratio), Na2CO3 (0.05 M), rt, 2 h 84 2. HCl concd 3.7 equiv, 80°C, 2.5 h 7d
1. 5d + 6 (1:2 ratio), Na2CO3 (0.05 M), rt, 12 h 90 2. HCl concd 3.7 equiv, 80°C, 5.5 h 8a 5a + 6 (1:2 ratio), MeOH, NEt3, rt, 24 h 85 5a + 6 (1:2 ratio), NaHCO3 0.05 M, rt, 2 days 76 8b
1. 5b + 6 
SCHEME 1
When similar experimental conditions were applied to a mixture of chromenes 1a, 1c, or 1d with 2a, 2c, and 2d, respectively, complex mixtures were formed, except from the combination of 1a and 2a, which evolved to the dimeric structure 8a, after 1 day at room temperature, using 0.05 M aqueous solution of NaHCO 3 and triethylamine.
When 2b was reacted with the corresponding aldehyde 5b in methanol and triethylamine at 10°C, the yellow solid that precipitated from the reaction mixture and was filtered after 36 h proved to be a mixture of aldehyde 5b, dimer 8b, and 2-iminochromene 1b in a 4:1:20 ratio. This result indicates that methanol is not involved in the reaction pathway that leads to structure 9.
Further studies on the reaction of (2-aminochromene-4-yl)-malononitrile 2b with nucleophiles (methanol and triethylamine or malononitrile in THF) resulted in the formation of products 12 and 13, respectively (Scheme 3, Table 2 ). Compound 13a was actually prepared and reported in a recent publication, 7 according to the 1 H NMR spectrum disclosed in the Supporting Information but was erroneously identified and used as the 2-iminochromene 1a.
The structure of compound 13 was confirmed by 1 H and 13 C NMR, where the protons on C1 (ca. δ 4.8 ppm) and C10b (ca. δ 4.9 ppm) are doublets (J ) 4.1 Hz) and the chemical shifts for the adjacent carbon atoms (δ 30.3 and 34.8 ppm, respectively) confirm their sp 3 nature. The three cyano groups are visible in the 13 C NMR (δ 112.9, 113.4, and 116.3 ppm) , and the two amino groups are clearly present in the 1 H NMR as two singlets in the δ 6.0-7.0 ppm region. In the HMBC spectrum, the protons on C1 and C10 allowed the identification of all the carbon atoms, which are two and three bonds away from these protons.
Both reactions are initiated by nucleophilic attack on one of the cyano groups of the malonyl substituent on C4 of the chromene ring (Scheme 4). Intramolecular cyclization by nucleophilic attack of the newly generated imino nitrogen to the cyano substituent on C3 leads to an intermediate 14 that either tautomerizes to the isolated product 13 (Nuc ) malononitrile) or is oxidized to generate product 12 (Nuc ) methanol). In the NMR tube (DMSO-d 6 solution), compound 12b evolves to structure 15b, regenerating the cyano and the phenolic hydroxyl groups.
The synthesis of compounds analogous to 15 was reported in the literature, when nonphenolic aldehydes were reacted with malononitrile. 11 The proposed mechanism involved Michael addition of the dicyanomethyl anion to the initially formed arylidenemalononitrile. Nucleophilic attack of methanol to one of the cyano carbon atoms generates the imidate function, SCHEME 2 SCHEME 3 responsible for the intramolecular cyclization that leads to the pyridine ring. To our knowledge, malononitrile was never incorporated in the pyridine ring by this method. Substituted pyridines analogous to compound 13 were prepared from 2-amino-6-halo-3,5-dicyanopyridines, upon substitution of the halogen atom by malononitrile. 12
Mechanistic Study of the Reaction of 3-Methoxysalicylaldehyde 5b and Malononitrile 6 by 1 H NMR Spectroscopy. Considering that the reaction of malononitrile with 3-methoxysalicylaldehyde 5b was a rather slow process, the evolution was studied by 1 H NMR spectroscopy, using DMSO-d 6 as solvent. In this experiment, malononitrile (8.6 mmol) was combined with 3-methoxysalicylaldehyde (15.1 mmol) in DMSO-d 6 (650 µL), and the evolution was followed over a The first spectrum, run after 2 min, showed the presence of two new compounds, apart from the aldehyde 5b (35.7%) and malononitrile 6 (34.3%). One of the compounds was identified as 16 (2%) from a sharp singlet at δ 8.44 ppm assigned to the C-H proton and a singlet at δ 3.84 ppm, integrating for three protons and assigned to the methoxyl substituent of the aromatic ring. Structure 18 was assigned to the other compound (28%) mainly considering the presence of three C-H protons at δ 4.93 ppm (d; J ) 3.6 Hz), δ 5.33 ppm (dd; J 1 ) 3.9 Hz, J 2 ) 5.1 Hz), and δ 6.78 ppm (d; J ) 5.1 Hz) and one acidic N-H at δ 9.24 ppm.
Compound 2b (2.3%) was identified in the reaction mixture after 5 min, and after 45 min, traces of chromene 1b were also detected by comparison with the 1 H NMR spectrum of authentic samples, isolated and fully characterized.
After this time (45 min), only a trace amount of 16 existed in a mixture containing 5b (49.5%), malononitrile 6 (4.7%), 18 (4.3%), and 1b (41.6%).
After 1 h, malononitrile was totally consumed, and the only components of the reaction mixture were the aldehyde 5b (50.1%), 2b (47.2%), and the chromene 1b (2.7%).
After approximately 2 h, as the amount of imine 1b increased (8.0%), the presence of malononitrile was detected again (0.8%) together with traces of the dimeric species 8b.
The amount of imine 1b and dimer 8b gradually increased while the aldehyde 5b and 2b/1b were consumed. The amount of malononitrile also increased slightly, leading to a maximum of 2.3% after 23 h.
A slow evolution resulted in the exclusive formation of 1b (ca. 62%) and 8b (ca. 22%) after 6 days. 4-Methoxysalicylaldehyde (ca. 16%) was also present in solution, considering that an excess of this reagent was used.
The reaction mixture was monitored by 1 H NMR for the next 20 days, with no significant change in the ratio of these compounds.
In a separate experiment, 2-iminochromene 1b (20 mg) was solubilized in DMSO-d 6 (650 µL) and the 1 H NMR spectrum was acquired immediately after the solubilization, showing that 1b was the only product present in solution. After 16 h at 19°C
, this compound evolved to generate 33% of dimer 8b. Conversely, when the dimer 8b (20 mg) was solubilized in DMSO-d 6 (650 µL), the 1 H NMR spectrum showed that 12% of the chromene 1b had been formed after 5 min at 19°C. After 15 h, 87% of 2-iminochromene 1b was present and only 13% of dimer 8b remained in solution.
When the same experiment was carried out from the 2-iminochromene 1a (20 mg in 650 µL of DMSO-d 6 ), the 1 H NMR spectrum indicated that, upon solubilization, 15% of the corresponding dimer 8a had already been formed. After 3 h, the monomer 1a and dimer 8a were present in a 6:4 ratio. This ratio was not altered after 1 month in the NMR tube.
The 1 H NMR spectrum of dimer 8a in DMSO-d 6 solution indicated that only 7% of the monomer was present after 3 h at 19°C.
These observations allowed us to propose a mechanistic pathway for the reaction of salicylaldehyde and malononitrile (Scheme 5). They also indicate that, in DMSO-d 6 solution, both the dimer and the monomer species are present as an equilibrium mixture and the stability of compound 1b is higher than that of 8b.
Attempts to prepare similar dimeric structures from substituted aldehydes 5c-g using methanol and triethylamine catalysis failed, as 2-iminochromene 1 was the only product that precipitated from solution and was isolated.
Biological Assay
The antifungal activity of compounds 2a,b, 1a,b, and 8a,b on Asperillus spp. growth and on ochratoxin A production was 13a Fungal growth was monitored by the poisoned food technique, using YES medium (2% yeast extract from Difco, 15% sucrose, and 2% agar). Ochratoxion A (OTA) production was evaluated after extraction with methanol and HPLC analyses. 13b The results of the bioassays, summarized in Table 3 , indicate that compound 8a, applied at concentrations of 2 mM, totally inhibited the growth of all tested strains. Ochratoxin A production by A. alliaceus was reduced by around 93% with a 200 µM solution of this compound. The analogous structure 8b showed a residual inhibitory effect, while no inhibition was registered for the corresponding compounds 2 and 1, used as synthetic precursors of the dimeric species 8 (data not shown).
The poor activity registered for compound 8b may be associated with its instability in dilute solution, as was confirmed by the 1 H NMR studies. The rapid evolution to the monomer 1b led to an equilibrium mixture where this compound (with no antifungal activity) was the major component. The formation of aggregates has been considered responsible for the antifungal activity of well-known commercial drugs like miconazole and econazole. 14 The present work reports what can be considered a similar situation, as the only active species is the molecule that results from the association of two monomeric units of 2-iminochromene, linked by a covalent bond.
Conclusion
The reaction of salicylaldehydes with malononitrile, previously reported in the literature, leads to the formation of (2-amino-3-cyano-4H-chromen-yl)malononitriles 2 or 2-imino-2H-chromene-3-carbonitriles 1, depending on the reaction conditions. A mild and eco-friendly approach, using aqueous base, allowed the high-yielding synthesis of both compounds 2 and 1.
It is evident that great care should be taken to control the reaction conditions, as slight modifications in solvent, base, temperature, and/or reaction time can led to the formation of different products. Compound 2b was further reacted with malononitrile or with methanol and triethylamine to generate the corresponding adducts 13 and 12.
Two different dimeric structures 8 and 9 were isolated in high yield, depending basically on the substituents present in the salicylaldehyde ring (R ) H, 3-OMe).
Compound 8a presented significant antifungal activity, when tested on strains of A. alliaceus, A. carbonarius, A. niger, and A. ochraceus . None of the synthetic precursors 2a or 1a were active in the same concentration ranges.
Experimental Section
General Procedure for the Synthesis of Substituted 2-Imino-2H-chromene-3-carbonitriles 1.
Malononitrile (1 molar equiv) was added to a solution of the aldehyde (0.4 mmol) in aqueous 0.05 M NaHCO 3 or 0.05 M Na 2 -CO 3 (1.5 mL), and the mixture was stirred at room temperature. Within 5 min, a yellow solid started to precipitate from the reaction mixture, which was stirred at room temperature for a further 4.5 to 22 h (when NaHCO 3 was added) or 2-24 h (when Na 2 CO 3 was used). The yellow solid was filtered and washed with water and diethyl ether leading to the pure product 1.
6-Bromo-2-imino-8-methoxy-2H-chromene-3-carbonitrile 1g: yellow solid; yield 100% (NaHCO 3 ); mp 201-203°C; 1 H NMR (300 MHz, DMSO-d 6 ) δ 3.88 (s, 3H), 7.33 (d, J ) 2.1 Hz, 1H), 7.43 (d, J ) 2.1 Hz, 1H), 8.25 (d, J ) 1.8 Hz, 1H), 9,07 (d, J ) 1.5 Hz, 1H); 13 C NMR (75 MHz, DMSO-d 6 ) δ 56. 5, 105.7, 114.9, 115.3, 119.0, 122.3, 137.7, 142.4, 145.8, 147.0, 150.4 Method A. Malononitrile (1.7-2 molar equiv) was added to a solution of the aldehyde (0.4 mmol) in dichloromethane (1.5 mL) (2a,c,d) or dichloromethane (1.5 mL) and triethylamine (0.3 mL) (2a,b,d,g) or methanol (1.5 mL) in the presence of triethylamine (0.3 mL) (2b). The mixture was stirred at 8-9°C or at room temperature. The product precipitated from the reaction mixture and was filtered and washed with diethyl ether after 14 days to 1 month (dichloromethane) or 2-11 h (dichloromethane and triethylamine) or 17 h (methanol and triethylamine). The isolated product was identified as the chromene 2.
Method B. Malononitrile (1.7-2 molar equiv) was added to a solution of the aldehyde in aqueous NaHCO 3 (0.05 M), and the mixture was stirred at room temperature. The product immediately precipitated from the reaction mixture and was filtered and washed with water and diethyl ether after 5-40 min. The product was identified as the chromene 2.
(2-Amino-3-cyano-8-hydroxy-4H-chromene-4-yl)malononitrile 2c: white solid; yield 90% (method A, dichloromethane) or 85% (method B); mp 168-169°C; 1 H NMR (300 MHz, DMSOd 6 ) δ 4.50 (d, J ) 3.9 Hz, 1H), 5.00 (d, J ) 3.9 Hz, 1H), 6.84 (dd, J ) 7.8 Hz, 1.2 Hz, 1H), 6.92 (dd, J ) 8.1 Hz, 1.5 Hz, 1H), 7.03 (t, J) 8.1 Hz, 1H), 7.38 (s, 2H), 9.99 (s, 1H); 13 C NMR (75 MHz, DMSO-d 6 ) δ 32. 3, 37.4, 48.9, 113.0, 113.1, 116.4, 118.1, 119.1, 119.5, 124.8, 138.4, 145.3, 163.5; IR (Nujol mull) 2261 , 2192 , 2142 , 1647 , 1618 , 1584 . Anal. Calcd for C 13 H 8 N 4 O 2 ‚0.1H 2 O: C, 61.46; H, 3.23; N, 22.06. Found: C, 61.62; H, 3.65; N, 22.25 .
General Procedure for the Synthesis of Substituted 2-Oxo-2H-chromene-3-carbonitriles 7. Malononitrile (1 to 2 molar equiv) was added to a solution of the aldehyde (0.4 mmol) in aqueous 0.05 M Na 2 CO 3 (1.5 mL), and the mixture was stirred at room temperature. Within 5 min, a yellow solid started to precipitate from the reaction mixture, which was stirred at room temperature. After 2-21 h, concd HCl (3.7 molar equiv) was added to the yellow suspension. The reaction mixture was heated at 80-90°C for 2 to 5.5 h. The suspension was cooled to room temperature in an ice bath, and the yellow solid was filtered and washed with water and diethyl ether leading to the pure product 7. 3, 102.4, 114.6, 117.5, 118.0, 120.8, 125.5, 143.4, 146.5, 153.7, 156.6; IR (Nujol mull) 2231 , 1713 , 1607 , 1573 H, 3.48; N, 6.97. Found: C, 65.85; H, 3.76; N, 7.13 .
Synthesis of 2-Amino-4[(3-cyano-2H-chromen-2-ylidene)-amino]-2H-chromene-3-carbonitrile 8a.
Method A. Malononitrile (0.39 g, 5.90 mmol) was added to a mixture of salicylaldehyde (0.71 g, 5.79 mmol) in methanol (3 mL), in the presence of 1 drop of triethylamine. The colorless solution immediately turned yellow and was stirred at room temperature. After 5 min, a yellow solid precipitated from the solution, which was stirred at room temperature for 1 day. The solid was filtered, washed with diethyl ether, and identified as the dimeric species 8a (0.85 g; 2.50 mmol; 86%).
Method B. Salicylaldehyde (0.61 g, 4.97 mmol) was added to a solution of (2-amino-3-cyano-4H-chromen-4-yl)malononitrile 2a (0.20 g, 0.86 mmol) in ethanol (3 mL). The mixture was stirred at room temperature for 7 days, while a yellow solid gradually precipitated from the reaction mixture.
The solid was filtered, washed with ethanol, and identified as the title compound (0.20 g, 0.59 mmol, 68.6%): mp 165-168°C
; 48.5, 54.9, 104.5, 115.0, 115.5, 116.0, 117.5, 120.4, 122.1, 124.78, 124.75, 129.0, 129.1, 129.5, 134.2, 146.0, 146.3, 148.8, 153.0, 161.8; IR (Nujol mull) 2225 , 2196 , 1668 , 1650 , 1610 , 1600 , 1578 , 1567 H, 3.53; N, 16.47. Found: C, 70.24; H, 3.61; N, 16.57 .
Synthesis of 2-Amino-8-methoxy-4[(3-cyano-2H-chromen-2-ylidene)amino]-2H-chromene-3-carbonitrile 8b. Malononitrile (0.26 g, 3. 96 mmol) was added to a solution of 3-methoxysalicylaldehyde (0.62 g, 4.05 mmol) in methanol (6 mL). Triethylamine (2 drops) was added to the reaction mixture, and the orange solution was stirred at room temperature for 6 h. The yellow solid, which gradually precipitated from the reaction mixture, was filtered and washed with diethyl ether. The product (0.57 g) was identified as a mixture where the 2-iminochromene 1b and the dimer 8b were the major components, present in a 2:1 ratio. This solid was solubilized in DMSO (2.5 mL), and the dark red solution was stirred at room temperature. After 2 h, a yellow solid started to precipitate from the solution, which was stirred at room temperature for 21 days.
The thick suspension was filtered, and the pale yellow solid was washed with diethyl ether and dichloromethane. The product was identified as the title compound 8b (0.50 g, 1.25 mmol, 63%): mp 150-152°C; 1 H NMR (300 MHz, DMSO-d 6 ) δ 3.83 (s, 3H), 3.93 (s, 3H), 5.85 (s, 1H), 6,92 (dd, J ) 7.4 Hz, 1.8 Hz, 1H), 7.00-7.10 (m, 2H), 7.15-7.20 (m, 3H), 7.25 (t, J ) 8,2 Hz,1H), 7.38 (dd, J ) 8.2 Hz, 1.5 Hz, 1H), 8.36 (s, 1H); 13 C NMR (75 MHz, DMSO-d 6 ) δ 48.6, 55.0, 56.6, 55.8, 104.6, 111.7, 114.9, 117.2, 117.8, 118.0, 120.3, 120.6, 119.6, 124.62, 124.63, 138.3, 142.1, 145.5, 146.5, 146.7, 147.0, 161.5; IR (Nujol mull) 2227 , 2189 , 1642 , 1602 , 1585 . Anal. Calcd for C 22 H 16 N 4 O 4 C 2 H 6 SO.0.5H 2 O: C, 59. 14; H, 4.72; N, 11.50. Found: C, 59.36; H, 4.86; N, 11.54 .
Synthesis of 4,4′-(Cyanomethylylidene)bis(2-amino-8-methoxy-4H-chromene-3-carbonitrile) 9.
Method A. Triethylamine (0.5 mL) was added to a yellow suspension of 2-imino-8-methoxy-2H-chromene-3-carbonitrile 1b (0.10 g, 0.51 mmol) in water (6 mL). The mixture turned orange after the addition of triethylamine and was stirred at room temperature. After 2.5 h, methanol (1 mL) was added to the suspension to promote partial solubilization of the starting chromene. The beige solid was filtered and washed with water and then with diethyl ether, after 17.5 h, leading to product 9 (0.04 g, 0.10 mmol, 40%).
Method B. (2-Amino-3-cyano-8-methoxy-4H-chromene-4-yl)-malononitrile 2b (0.16 g, 0.44 mmol) was added to an orange suspension of 2-imino-8-methoxy-2H-chromene-3-carbonitrile 1b (0.08 g, 0.42 mmol) in aqueous NaOH (1 M, 0.8 mL). The reaction mixture was stirred at room temperature for 16 h, and the yellow solid was filtered and washed with water and then with diethyl ether, leading to product 9 (0.14 g, 0.31 mmol, 74%): mp > 300°C
; 1 H NMR (300 MHz, DMSO-d 6 ) δ 3.73 (s, 3H), 3.76 (s, 3H), 4.04 (s, 1H), 6.95 (dd, J ) 7.5 Hz, 1.5 Hz, 1H), 7.03 (dd, J ) 8.1 Hz, 1.5 Hz, 1H), 7.10-7.40 (m, 6H), 7.38 (s, 2H); 13 C NMR (75 MHz, DMSO-d 6 ) δ 46. 6, 47.8, 48.8, 55.9, 56.0, 112.6, 113.4, 119.2, 121.1, 123.9, 124.8, 117.5, 117.8, 119.3, 119.6, 119.9, 120.7, 138.5, 140.7, 146.9, 146.9, 161.9, 164.4; IR (Nujol mull) 2200 , 2184 , 1645 , 1619 , 1601 , 1579 . Anal. Calcd for C 24 H 17 N 5 O 4 0.9H 2 O: C, 63.27; H, 4.28; N, 15.94. Found: C, 63.28; H, 4.01; N, 15.95 .
Synthesis of 4-Amino-5-imino-2,7-dimethoxy-5H-cromeno-[3,4-c]pyridine-1-carbonitrile 12. Method A. Triethylamine (1 drop) was added to a white suspension of (2-amino-3-cyano-4H-chromene-4-yl)malononitrile 2 (0.10 g, 0.38 mmol) in methanol (7 mL). The mixture turned yellow and was stirred at 9°C. The pale orange solid precipitated gradually from the reaction mixture and was filtered and washed with diethyl ether, after 5 days. The product was identified as 4-amino-5-imino-
